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(54) LIGHT EMISSION DISPLAY AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an easy and 
low-priced lighting sign which can be easily customized 
by an end user. 

SOLUTION: A relating light emission display is composed 
of a first electrode, a second electrode, an organic light 
emission layer arranged between the first electrode and 
the second electrode, and a light emission material 
which changes the light emitted from the organic light 
emission layer accepted by it into a light which has a 
different wavelength. In the light emission display, an 
overlap domain which the organic luminescence layer is 
activated and emits light is formed with the first 
electrode and the second electrode, and the light 
emission material is arranged in one part of the overlap 
domain. Moreover, it is related also with a method of 
containing a printing stage which prints an image on the 
light emitting device after forming the image and forming 
the light emitting device containing the organic light 
emitting layer. The image is generated for example on a 

personal computer and can be printed with an ink-jet printer. Also the image can be printed to a 
light emission material which emits a light which has different wavelength when a light of some 
wavelength which is emitted from the organic light emitting layer is absorbed. 
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1. Title of Invention 



LUMINESCENT DISPLAY AND METHOD OF 
MAKING 



,2. Claims : , ' 

iV Aii^apparatus comprising: - V > 

a first electrode; ' ^\\\ - ''. .■.!'..-> v •.--v 

ia second electrode^ ' . \, ■ . . ^ ^ 

an organictUght emitting layer disposed between the first arid sccori^^ " - 

electrodes, wherein the first and second electrodes togethej^d^fin^ a^ in . 

which tile organic light emitting layer is activated to emit light; and 

a luminescent material which receives light from the organic light emitting 

layer and converts the light to a diflerent wavelength, wherein the luminescent 

material is disposed in a portion of the overls^ region. 



2. The apparatus of claim 1, wherein perimeters of the first and second ^ 
electrodes have substantially the same shape. 

3. The apparatus of claim 1, wherein the luminescent material occupies a 
portion of the overlap region to produce a pattern within the overlap region. / 

4. The apparatus of claim 1» wherein the luminescent material comprises at 
least one inorganic phosphor. 

5. The apparatus of claim 1, wherein the luminescent material coniprises at 
least one organic dye. 

6.. The apparatus of claim 1» wherein the luminescent material comprises at 
least one of SrB^O^rSm^*, YjAl50„:Ce'\ SrGajS4:Eu'*. and BaMg,Al«0„:Eu^\ 

7. The apparatus of claim 1, wherein the organic light emitting layer emits 
ultraviolet light. 

8. The apparatus of claim 1» wherein the apparatus has a rectangular perimeter, 
the perimeter having dimensions of A4 paper or 8.S x 1 1 inch paper^ 



9. The apparatus of claim 1, further comprising a second luminescent material 
which emits a second color of light. 
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.10... The, apparatus.of claim 1. wherein the luminescent material comprises a 
first layer of lumidescent material and a second layer of luminescent.material disposed 
on the first layer of luminescent material. • ., - ., . 

, 11. The apparatus of claim 1, further.comprising a thiid.electrode and a fourth 
electrode which operate independently from the first and second electrodes.- 

l2...The.apparatus, of claim 1. fimher comprising an encapsulation layer 
disposed between the luminescent material and the first electrode. 



./,s43. -The apparatus of claim I?, further comprisjng a trtosparent .substra^^ 
which is applied the luminescent material, wherein the transparent substrate includes-, 
an adhesive backing. ' 

:i£^o.vJ4.,.The;apparatuS;of cl^^ ttie transpargnt subst^^^ is adhered to 

the encapsulajionaayer with the.adhesiy^^ / '^>>.?oi,i yi*ircv;.j;/ v r.. rj: 

L^;7MJ.el5,\, An, apparatus comprising a, primer cartridge containing at least .one 



16. The apparatus of claim 15, further comprising a light emitting device 
which comprises..a first electrode, .a second electrode, and aniprganic light emitting 
layer disposed b^*en.the.first:and second electrodes, j,, s.>f»:fciv/i.,q . : . . . .,^,.f., 



17. The apparatus of claim 15, wherein Ae printer cartridge is an inkjet printer 

-Cartridge.;f • 7,.,,^,. : i-^c, ';V -vrnl-^ txV^^^^t^>^/>^- • ^ 

18. The apparanis of claim 15, wherein the at least one phosphor comprises a 
green emitting phosphorand.a-red.emittingphosphor. i/u. . • 

19. Thciapparatus of claim , 15. wherein the at least one phosphor comprises at 
least one of: SrBA:Sm^*. Y,AI,0„:Ce^ SrGa,S,:Bu^ and BaM&Al,«0„:Eu'*. 

20. An apparatus comprising: -v;;.,.- 

. a^phosphpr in splution; It j!/ ^ , ...r- . 
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- ' a light emitting device comprising a first electrcuie, a second clectixjdc, and an 
organic light emitting layer; and ' ,1' \ 

means for applying the phosphor onto the light emitting device, 

' 21 . The apparaitus of claim 20, wherein the means for applying comprises a 
printer cartridge.- - - ■ -^r-- ^ 

22. The appfaratiis of c!aim'20, wherein the means'for applying comprises a 
paintbrush. * -i'' . r f^w; : :* ; 1 . 

-^23'.- The appiaratus of claimt20, wHefciri the means for' applying comprises a 
. 24. A method comprising the stqas of: 

^ -Tbrtning a light emitting device by^ foiirniiig a Tir^ dectrode^l forming a second 
electrode, and forming an organic light emitting' layer between the first and second 
electrodes; and 

providing a liimihescent rhaterial in a form such that the luminescent material 
can be applied to the light emitting device after the light emitting device has been - 
formed. 

/ 25 2 -The method of clkim 24; wherdn the luminescent material comprises a ' 
phosphor, and the providing step-comprises the step of forming aliquid solution of the 
phosphor. 

26. The method of claiin 25, wherein the providing step comprises the step of . 
packaging the liquid solution in a printer cartridge. 

27. The method of claim 24v^wherein the step of fbnning-a Ught emitting 
device further comprises the steps of forming a third electrode and forming a fourth 
electrode which operate independently of theifirst and^ siscbnd electrode^:. ' « ' ^ 

'28. A method comprising the steps of: 

creating an image; and v^- • crf ^»/. sf?*. 

printing the image on a light emitting device comprising' an' organic light 
emitting layer after the light emitting device has been formed. 
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29. The method of claim 28. wherein the image is created 

30. The method of claim 28, wherein the step of printing comprises printing a 
first layer and printing a second layer on the first layer. • . . : • • 

31. The method . of claim 28, wherein the printing step comprises printing a 
phosphor solution on the light emitting device. » ./ .iv;,: - 

t 32 V The. method of claim 3 1 further comprising: the* step .of applying an - 
abrasion resistant layer over the.printed image. ;.v ^ r.-.tij . . ■ 

i ' . 33. The.misthod'Of claim 28, wherein.die'printing Step comprises pr^ . 
multicolor.phosphor pattern lon the light emitting device... s'^it: -;rv»/?, .rr 

; ... 34. ThcOTethod of claim ,28» wherein the printing step.comprises printing the 
image with an inject printer on the light emitting device. . , . , ij;>vv .1;;* 

~\'» - • , -j. - • r ».'.. .-•..'•.■ .. t , 

t . V 35. A methodlcomprising the steps.of: u . . i-V ^^ v-: . . 

• • : t creating an image;. yi.i .i-v . ... -.^u tl;*.^ -r^r., 
. ' printing:the{tmage,on a substrate; and, : if: v n ' : . t . . -,-}y'/': 

aHlxingUhe^printed substrate to. a light emitting device comprising an organic 
light':emitting!ayer,-=v;iv^;i-..;?7 . .;.;t. v ...i- v? . ; • . • .,..;.^.v. ; . 
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3* Detailed Description of Invention * 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention ' - : : • ; 

The present invention relates generally to lighting applications, and more 
particularly to a display device comprising' an organic light einittiTig material. 

2. Description of the Related Alt • .v* ' 

There has been a longstanding desire to make inexpensive signs that can be 
read in the daric^iA conventionalapproach is to utilize a glass or plastic plate' with one 
or more color filters positioned such that the desired sigii is created when placed over 
a backlight. An example of this is the common "EXIT" sign. This technology, 
howeyerj' ik not easily customizable; because the end user is not able to^easily design 
and create such a sign. Most end'us^rs do' not havi^ the necessary, tools or expertise* to. 
make the filter plate themselves. Instead, the end user must obtain the services of a ) 
filter plate manufacturer to create 'atCustomize<d^ sign. Most 'endiiisersi do not follow 
through with such an endeavor.- .'-'^^ ^^'^'^ v:* • -/j:- I ' - jrvmv^ t:>?vftj^ :i^;V' 

Many technologies have been developed to allow more customizable signs that 
^ can be read in the dark. Most of these £ue vahations on ta icathode'^r^^ (CRT) 

display. Such displays can be quickly reconfigured electronically ito . display a new 
sign. Other technologies with the same capability [include liquid ciystal'displays, thin- 
film plasma 'displaysV and orgariic^^ electrolummesceiit displaysrf *^^ these 
displays require complicated electronics anfi are too expensive "for •many' siniple 
display sign applications. 

Consequently, there is a longstanding need ^ for a simple, inexpensive 
illuminated sign which can be easily customized by an end user. 

BRIEF SUMMARY OF THE INVENTION 

The invention relates to a luminescent display comprising a first electrode, a ^ 
second electrode, an organic light emitting layer disposed between the first and 
second electrodes, and a luminescent material which receives light from the organic 
light emitting layer and converts the light to a difTerent wavelength, wherein the first 
and second electrodes together define an overlap region in which the organic light 
emitting layer is activated to emit light, and the luminescent material is disposed in a 
portion of the overlap region. 



I 
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The, invention:,also relates to a phosphor in solution, a light emitting device 
cpraprising: a first ■electrode, a second, electrode,:. Md; an organic light. emiujng[,layer,. 
and. means for applying the phosphor. onto the light emitting device. The means. for 
applying' may comprise, a j printer cartridge, containing; at least one phosphor,: for 
example, Theprinter cartridge may be used to print [the. luminescent materialpnto the 
light .emittmg device. ;The means for applying may also comprise a manual implement 
such as paint brush, a.stanip; or a pen. The phpsphor solutionican be pdnted,;.stamped, 
or.written on thejiightraiitting device in any desiredipattem and color. . i, ^^-cpr.r.vi 
- Theiinvention>alsO ;relates to a method coinpri^ steps of creating an 

image and pn■nting^the image.:.pn a light emitting device comprising, an jprganic jlight 
emitting, layer aftertjthe light .emitting device has'/bcenxfonncd. Thcrimage iinayrbe 
created; for example ^oa:a ReispnaL cpinputer./and^print^^^^ anjinkjet^printer.j The 
image ":niay:,,bc . printedxi in | ^phosphors which^ :emjt i Jigh)i(of^ , one: : wavelength vMpon 
absorbing.light of afdifferent w from theKOrganicJightemitting J^^^ rjQ?.-. / 

Various embodiments of the invention allow customized lumincsccnty.displays 
to jbe reasily/abricated^^by. e^ applying-aHphpsphprtpa^^ preformed, 

encapsulated . light emittingideyice. The Ugh^ 
organic Hghtiemittina layjsr wW^ provides iUimination^pver^aaarg^ 
phosphor patterri t<pan be.'applied , to , the* ligh.t.emitting deyice ;in .a, nunibe^rof ways 
ayailableito end users,:vsucH as with a computer jprinter-^^^^^^^ mMual, inipl(5ment*sl^ 
ayaijabilityj }of computer^ g€neratedrfimageS)'aUp\vsq€ndv'Use^^^ 

quality, luminesjcent display^^wit^i^minimal inyestpiei^^^ , ,j >;r)J-^ ^i' 

/:-i: : . ir ' DETAILED DESCRIPTION QFiTHE^fl^^ 

Other ' featurc5S*'*knd '^4i^^ of the^liivent^^^ appoint ''from ^ the 

following detailed description of preferred embodiments and the accompanying 
drawings. 
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1. > ' V * Reifemng to^ Figure '4 ra cross ' section of a luminescent' .idisplay ' is shown 
accon3irijg-% " M exempla^ of Ihe^^iriventidh? Figiufe 6 illustratieis a 

perspective view'of the lumitiescerit^display. The liirnih^ display '100 includes' ah 
organic ■light emitting- layer 1 10 disposed between two ielectrodes^' e:g.; a cathbdeM20 
arid an^ anode 130.^ The orgainic Hght^emilting liayer 110 eniits light uponTapplication-of 
a voltage across: the anode and cathode;* The anode and ^cathodS inject charge carriers,' 
i:e;Whbl€S»md ''electrons} '-ih^^ ^wherefithiBy 
recombine to form^excited ntt>l€ieuies or exdtons which ettdtUight whetihhe molecules- 
or excitQiis decay.- T^ c»lof i^of Hght^eblilied by thie mdtecules^dep^hlis oh thdT energy 
differehci^^between' the excited state and the'gfourid state^of thb molecules of excitons: ^ 
T>T>ically/^the4pf^^^ 3-10 volts^but^cari'b'e U^Hd-SO volts or^nibre;^ 

arid the> ekterha^ quaritum-'effi^^ dut/electfonsl in)' is between 0.0 1 % 'and- 

5%Tdr«mbffebTh€'or^^ 110^typiMlly»hk'^aithictoi^sl>^ about' 

50-500 iitodmeters/*jma^tfte*4l&^ 120; 4iO eWcK tyipiicMly7ha\?e a^tluckiiess^^of 
djdut^iTO-rOOOnmdrrwt^fs^^ :^c:> .:/-^-)f ^^h :^?/:-7rnibaife;6 ri-^r-V 

/ rryioThe cathode - 120 ■g^eraily 'cdmi)!! a hiateriaUhawrig^a^low^^ w function^ 
value-' such tha{ ^ a^^ relatively ^^smMl'- voltage causes"> enai^sidn^df * eliectroils fh>m ^ the 
caihodei*^The xathode n for example,- ealcium^^^^ 

gold;' *indiuni^ iftaiiga^^ to^Ji'tead,'-J aluminum?^^ magnesiumi*^' 
magnesiutn/silvef' alloy; -AltematiVdy^'the' cathode' cm be-made of two layers ^td^ 
enhahce'^electrdh ' iiij ect idni< ExaMples' includie 'a - thih^ inner layer of LiF fo Udwedi^by a^ 
thicker outer layer of alurniniim df-silver, dr a-thiri inner 
a thicker outer layer of aluminiun or silver. 

The anode 130 ty^ work function 

value. The anode 130. is preferably transparent so, that light generated, in the organic 
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light ^emitting jaycr/ 1,1 Oi can prppagatc out of the luminescent display; iPO.i^The anode 
130 may comprise,, foi: example, -indium tin oxide. (ITO), tin o.xide,,nickeI,^orgold. 
The jelectrodes 120, 130 can be formed by conventional yapor deposition techniques, 
such as evaporation .or sputtering, for example.fo ,- \ ; . ^ 

, i A variety of organic light emitting,laycrsKl IQ.can be used in conjunction with 
exemplary ^bodiments. of the inv^tipn.: According, to one. embodinient shown in 
Figure 4 i the,orgtoiC;Jightjcmitting layer.il 10 comprises a single, layer., The/ organic 
light jemitting layer,.] 10 may comprise, fpr example,.a conjugated polymer^which is 
lurninesccnt^ athplc-tram 

a' luminescent: materiaUipr;m^^ .polymer doped .with hole transporting fjnplecules 
and a lumincscmt. material. The orgmiciight emitting, layer, IJ Q may also cornprise.an 
ampiphpus filmr of lurninescjent smaU organic <m^ can (be doped \vith 

pAcT luminescent mole^ulesljri,. . ^rai ^n^Jx^'-^dn ^.i/c^^^cyt .5^.0 .u. '.v- 
. } : Accordingjtp;pthe^embqdimentS:t;of^^l^^^^ shown in .Figures; 2r5,:11ie 

organic JightLemitting layer^l 10 comprises two or more sublayer^s^ wWch cariy-qut the 
. functions; of; hole inj.ectipn,Khple transpgrt, -electron injection, electrpn/transpprt,:an4 
lprainescence.:JiQnly the,: luminescent; layerU required for a rfunctioniiigcidcry'ice^ 
Hpv^eyer, theiadtU^^^^ 

andvelpctrons; rccpmbiM tQ..produce;;li^t. ?lTius/]thelprgar^ 

can comprise j 1 -4; sublayeri5(including, for rexamplevTai hole, injection - sublayer^Ha-hole 
transport sublaycr„\a> luminescent sub,layer,j and an^eleptron; m^^ 
one>primpre sublayers may compriscia matm 

such as hole injection, , hole- transport, oclecton and 

luminescence. -iiiuy Icq - q \:iv7i:Sih]riO':} \*ki'yv. .- 'U: \<^i-:i*vi^y^^ i^^ii^Jt 

. o: ^ . Enibpd]mentSrin^:^hich. the organic.^light emitting layeril 1ft .comprises,. ajsingle 
.•>iayeri^as;shpjyn- inEigure-4|^Ayill^now-be^-describe r^^':-/v*c» if :^^^^yi^,:^^>^ r. 

;r Accprdirigitpirarifirst-r einbpd light vcmitting. : layer WO 

cpmprises^a conjugated <polymer. TTie^ t conjugated; polymerfrefers^^tojia polymer 

vyhicht includes.a^delpc^^^^^^ jCTclectron system .along the. b 

The delocalized Ti-electron system provides semiconducting properties to the nolvmer 
^^u^^^^. i^ .^^ ^!^P}l}^t^^9ri?^P^^, Ppsitive and negative .charge carriers with high 
mobi litres a^^^^^ film has^ a suffidently. low 

concentration of extrinsic charge carriers that on applying an electric ISeld between the 
electrodes,. charge carriers are injected into the polymer and radiation is.emitted from 
the .polymer. Conjugated polymers are discussed,, for example, in R. H.. Friend, 4 
Journal of Molecular Electronics 37-46. ( 1 988).. 
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* One example of a conjugated polymer which emits light upon application of a 
voltage is PPV (p6ly(p-phenylenevinylene)). PPV emits light in the'spectral range of 
about 500-690 nanometers and has good resistance to thermal and stress induced 
cracking* A suitable PPV film typically has a thickness of about 100-1000 
nanometers. The PPV film can be formed by spin coating a solution of the precursor 
to PPV in methanol onto a substrate and heating in a vacuum oven: - *" 

Various modifications can be made to the PPV while retaining its luminescent 
properttesf For example, the phenylene ring^of the PPV can bptionally cany one or 
more siibstituents ' each ^ iiidependetitly selected from aUrj^U' alkoxy,%alogen;: or nitioL' 
Other conjugated'polymers derived from PPV may also be usedUn conjunction with 
exemplary embodiments* of the* invention/. 'Exampli^ ' of sucW'^deri PPV 
include: 1) polymers derived' by* rieplacing the phenylene ring with- a fiisedvring 
system, e.g. replacing the phenylene ring with an anthracene-' or ' napthsdeiie ring' 
system^ These alternative ring systems may also cariy one or More substituents of the 
type ' described atk)ve-* with respect to the phenylene ring; 2)^ polyriiers' derived by 
replacing'the phenylfehc ring with a heterocyclic ring systeni such'*as a fliran ring- 'The- 
fiiran-* ^ring - may ' carry one or more substituehts of ' the- • type described above ■ in 
coimectioti with the phenylene'ring; 3) polymers derived by increasiiig the number of 
vinylene moieties associated \^th each jphehylene or other ring-'system. The abbve^ 
described ..derivatives have' different energy *gaps» which, allows ' flexibility ^ in^ 
ptDducing ari orgajiic light emitting layer^l O which emits* in a desired color rantge or' 
ranges. Additional- information on luminescent conjugated polymers is described in^ 
U.S. Patent i5,247;190,twhich is hereby incorporated by rcfercnce^i ' - ^ ■ 

Other examples of suitable conjugated polymers include polyfluorenes such'^as' 
2»7-subst]tiited-9-substituted fluorenes and -' 9-substituted^' 'fludrcne^^^oligomers and 
polymers, The fluorenes, oligomers and polymers are substituted at^the'9-position^ 
with two hydrocarbyl moieties which may optionally contain 'one or more of sulfur, 
nitrogen, oxygen,' phosphorous or silicon heteroatoms; a C5i20 ring structure formed 

with the 9-carboh oh' the fluorerie ring^pr'^a €4^^^ ring structure fbrined with' the 9- 

carboh containing one or^ m^ or oxygen; or a 

hyidrocWibiyliciene moiety. According to one embodiment^ the^fl^^ are substituted 
at the 2- and 7-p6sitidns with aryl moieties which may further be substituted with 
moieties which are capable of crbsslihking or chain extension or a trialkylsiloxy 
moiety.' The fludifene polyiiiers and oligomers may be substituted at the 2- and 7 - 
positions. The monomer units of the fliiorene' oligomers and ^ to 
one another at the 2- and 7'-positions. The i2,7'-aryl-9-substituted flu^^^ 
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^<i>:PolymerS; may.be-^further.rt^^ to rorin:ihigher molecular 

weight-jpolymers by .causing the optional moieties pni the [terminal 2,7 '-aryl{ moieties, 
which are capable of crosslinking.or chain extension, to ^imdergo; chain extassipn.tor 
crosslinlcing., : ; • c.-.- : z^^. =• • ::'Ji^,Avi:.^kn-<'}'■■-' -r. .nc.;c;;|7: f 
;,,;jv. ;:The.2J-aryl:9-5ubsJ^ fluorenea arid 9-substitutcd fluorene oUgomcrsrand 
polymers can . be^ prepared.^.by. contacting ^ pnejiPTf mpre.;^ 2,7Hdihalor9rSubs^ 
fluprenes >with.a baloaromatiC;,cp ^^lpa^pmaticJcpmppunds, being further 

substituted^ with, a reactive,. igrpupM capable, of crpsslinkingr.or: chain, extensipnvfpr a 
triallo^lsiloxy.moiety,;:in the pre pf arcatalyticijmpimtjpf divalent nickel^salt, at 
least'p stpichiprnetric .amp:unt;pf zinc powder and a^trihydrocarbylphpsphine in a polar 
splvOTt, under^cpni^^ such that a 2,7-aiyl-;9-sub.stituted 
fliiprene pligpm|r,pr, polymer;^ -prepared. The;,9S:substituted/ fl 
P^'y^enjtermijnate^ tiie^tenninal 2^i^jiip,^rppsi\ip^^^yn ,a;4ia]pgen 
are^:prepMedj.:.by,cthe ^process. .^described abpyerinjqjhe^iabscncc ^.pr a>;,halparoixiatic 
compound.^.:,.., [yy^jnotrxop^u v^:.; : ^ - :':af;v' !;v^v) I ../::h ktq/^ i^. 

'Mil The-. flupreneSfS.and ijfluorOT^^ 4ernonstrate, strong 

photplpminescencejin-t^^^ exposed tp,a,light;pf si 

wavelengthHof-H^bput- 3 TOO .nmpmetBrSiS^the mateidals emit light {.of 

wavelengths 4x1; the.,region .oC abpiit .400 to, tabputASOPinanometers.: More^pr^feniblyi 
such;,.. materials absorb^,; light of i wavelengths ipf u, from.? abput : 35^^^ tpbaboutr^OO 
nanometers and emit^li^ region of about 4(X):,tpiabout. 650 

. n^pmeter^;- ^The fluprenes^ oligomers PTrpQlymers pf the. inyentioricare 

re.adily;,spruble . in . common p are^prpcesaable intouthincfilms^or 

coatings by conyent^p: ,al itech^^ such as. spjinxpatingj^spray coating, dip.,cpating 
ian^irpller (X)^atin 

V vyt spIyentSjTand 4iigh r,heat<-r:resistajiee;f^^ r » 

describ^.iii L;.S. Pat.ent:5,7Q8430,,which is.hereby.incoippraled^^^^ reference, ; -w, : 
-jq: ,.;;According;to.:a,second,embpd in Figure 

l:>:.thejprganic .light /.emitting layer 1 1 Of comprises:i a. molecularly .doped ;pplymer; < A 
molecularly dpped^;pply]7ier^.typtcally comprisesi .acbinaiy solid: splution .pf charge 
transpoFting mpleculftji^i^h^ dispersed mim inert;.polymer]C,binder.:>. 

The^^ch^ge. transporting molecules enhance the ability lofyholes andieiectrons to- travel 
through the doped pplymej::and recpmbipe; !^ inert; pplymerofferslmany alternatives 
in4ems.,ofavailabje dopant materials and mechanical properties of the host: p>olymer 
binder./^ • ; -j^wX • ■^ ui^qv,; «>n V.h v.:- >cm ,::)^luit 
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'One' example of' a - molecularly doped -'p^^ 
methadrylate) (PMMA) liiolasularly do^ped with the hole transporting' moIeciUe^N,N- 
diphenyUN;hr-bis(3-methylsphehyl)-l;r-bipheriyl-4;4'-d^^ (TPD) - aiid " the 

luminescent material tris(8-quinolmolato)-aluminum(III) (Alq), TDP has a' high hole' 
drift mobility of lO*^ crnVvdlt-sec; while Alq is a luminescent metal complex having 
electron transporting properties in addition to its lumine^^ : ' • ' - 

The doping concentration is typically about SO%/while the molar ratio of TDP 
to Alq hiaLy.vary^ftbm about' 6!4' to l.O, for-example.''A film of the doped PMMA caii- 
be pri^aiied by 'mixing a aicKldrbethahe sblution c6ntaihihg suitable amdUiits oiF TPD ^ 
Alq, ; and' PMMA,^ and dip^ ''coating- the'-- solution onto- the • desired^'subistrate; ' eJg; 'm- , 
Indiiim'tin oxide' (ITO) electrolier of the^ddped PMMA^layer' is typically 

about^lOO nanometers JA\^eri^fctivatedby^applica^^^ of a voltage^- a'green emissidn-is 
generated. Additional' infoniiation' on '^siic^^^^ polymei^ is^desbnbcid' in Juhji\IGd^^ 
et alii "Organic Electrolum'mesccnt Dev^^ Based-bn MolTCularly-Dop ) 
61 AppL Phys. Lett; 761-763 (1992), which is hereby incorporated by referenced "-i ^ ' • 
According to ahothdr^>'embc<iimeht:of the ihveri 2, the 

organic light emitting layer 110^ coriiprises two sublayers/ - The ^ fi^ sublayer 1 li 
provides 'hole transport, -electfbri trans^^^ and liuninesc^nt- - propertied 
positi6h^dladjacenl~the*ciathcde'l2b/The secon sexVes as a^ole i^^^ 

sublayer and ' is positioned adjaci^t ^the iaihode' 130> T^ first^siiblaye^r 1 1' cbmprises a^ 
hole-transporting*' polymer doped -with^ electron ' trmspbrtirigj-^molec^^^ 
luminescent^ material^'Jelgl'-a Mye or 'polymer. The hole-trarispbrting -polymer 'niay • . 
comprise^ poly(N-viiiylcarbazole) v(PVK);' for example/ '-The ''^ electron transport^ 
molecules * msiy * comprise ;-^i2-(4-bipheny l)-5-(4-tert-buty Iphehyl)- 1^,3,4-oxadiaiole^ 
(PBD),^for example/The lUminescmtm typically^ccmprises si^^^ 
'/^ *:polyraerskwhich'^act>as enM the^emission>'cdlor^iFor:examplej=?^^ - i vi/: : - 

luminescent material's -may 'Comprise the w (blue), cburnarin' 

6 Xgreen),'or nile red.^ The" above materials' are available^ cbnmiercidly, for example ^ 
from ' Aldrich Chemical Inci; ^ Lahcaister i Synthesis Inc;'^ TGI * America, and Eambda 
Physik IncjThih filmsVof these- blends can be fdnned :by spin'^coatirig' a chloroform 
soliitibnvcontaining different ^amounts of^-PVK, electrbii 'trsu:^oit molecu^^ 
luminescent rriaterials: For exampiei'a suitable mixture 'comiprises 100 weight. percent'' 
PVK, 40 weight percent'PBD;*and- 0.2- 1.0 weight percenter > ^ nr^i 

■ > The' second sublayer 12 serves'as a hole injection sublayer ^d may comprise* 
poly(3,4)cthylcnedioxythiophenc/polystyrcncsulphonatc (PEDT/PSS), for examples- 
available from Bayer Corporation, which can be applied by conventional methods 
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such as).spm, coating.. Additional infonnation on hole-transporting pplymcrs doped 
with . electron : transporting . molecules, and a-; luminescent materiali.js.; described^ in 
ChungrChih ;Wu et al, "Efficient Organic Electroluminescent Devices. JJsing. Single- 
Layer Doped Polymer Thin Films with Bipolar Carrier Transport Abilities", 44 , IEEE 
Trans, on Elec. Devices 1269-1281 (1997). which is hereby incorporated by reference. 

- • •■ . ' , ' \:. ' ./ . i: \,. ?; .v:. 5 .^i. .f ..... . ; . ; ^ . 1....: . 

EXAMPLE 1.. . . . ....O-.b-:.. ^ ^ ^ , 

A blue organic. light cmitting device, was constructed as follows: : Indium tin 
oxide.. (ITO)t;Coatcd- glass : (15 : ohm-square):: was ^purchased .firpm- Applied ..Films 
Corporation and portions:of it^were etched i away /Xising; the yapors of aqua regia.. This 
substrate was then mechanically cleaned with a detergent^ soaked in >a ;methanol 
solut^on'fo]lowedfby^acboilingJsopropyl, alcohol solutionj and , finallyj placed in an 
ozoncu.cIeancTf.forJ Sicminutes.; :An approximately 5- nanometer :,(nm)H layer of 
poly(3,4)ethylcnedioxythipphene/polystyrenesulphQnate (PEDT/PSS)ni:fn)m-> rBayer 
Corporation .was then spin coated onto thc ITO: Approxiraately<iqo nm o polymer 
blend consistingr^of poly(9rvinyl,. carbazpl^ >:fi:omT;.AidrichicCo.,: 2-(4- 

biphenylyl).5-(4-tert-butyl-phenyl)-l,3,4-oxadia2ole (PBD) from.Aklrich^Cp,, and 7- 
Diethylaminor4Tmethylcoumarin 1 (Cpjumarin ) 46^^ CPMiWite weight 

percent*: ratios / of : I00:40:d iwas ..then] spin;,<.coat.ed, ontp, the?,PEPJaJaycr using 
didiloroethane as .the solvent s Next, a cathode consisting of an approximately. 0,8 nm 
lay^r of lithium fluoride followed by about ,1Q0 nm of aluminum was evaporated onto 
the device through, a shadow-mask to defme:a cathode:pattern.;:irhe: device .w^ 
transferred to^,afgloyc.boxr.and,ia glass. slide;wasi attached to the cathode ;side of the 
device with cpoxy;. in ..order, to prpyideiencapsulatio The resulting device^ emitted 
blue ligm-upon^appUcationofavpltagc, {.-j^;^, hun v -. -i ; ir:lvr»inK;-Ivu. r,r- ^. 

• ^ Accordirig4o another.; cmbodiincntiof^ the: invent Figure .3, the 

organic light emitting layer 1 10 includes aTirstiSiiblayer. 1 3 comprising; a luminescent 
sublayer and;a!:sec6nd' sublayer 1 4. comprising a hole; transporting ^sublayer. JThe hole 
transporting . sublayer 14 may; .Qompriscf ;an . arpinatic. . amine? that- js .^readily . and 
reversibly oxidizable. For example, hole transporting comppimds may .include, amines 
that are solid at room temperature and; in^whichr,at least: one nitrogen;, atom is iri- 
substitutcd withvsubstitycnts^.at least onejpf<\yhichiisiaryl.,Aryl substituents in. hole 
transpbrtingfcompounds include; aryl as welli.as unsubstituted aryl, . such, as phenyl,, arid 
methylphcnyU Examples of useful substituentsjnclude^alkyls of .1 .tp< 5 carbon,atoms, 
halo, such as chloro and fluoro, and alkoxy having 1 to 5 carbon atoms, such as 
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methoxy,' • ethoxy, and - propoxy. Specific 'examples ' include l,l-bis(4-di-p- 
tolylaininophenyl)cyclohexane; '^-<' -^f J N,N,N-tri * . • l;l.bis(4-di-p- 

tolylaminoiphenyl)-4-phenylcycldhexane; ^ a^^ : bis(4-dimethylamind-2- 
inediyliihenyl)phenybnetharie. • > ' - ^ . : i - . y 

-Examples of suitableUuminescerit materials for^ the luminescent sublayer ^ 13 
include - 4,4'-Bis(5,7-di-t-pentyl-2-benzoxazolyl)-stilbene; 2,5-bis(5,7-di-t-pentyU2- 
bcn20xazolyl)-l,2,4-thiadiazolc; and metal complexes of 8-hydxoxyquinoline; -where 
the metal is Zn, Al, Mg, or^Li.* The luminescent sublayer 13 ;and:the:hole transporting 
sublaydr 14 can be fomed by conventional vacuum depbsitiori techniquesV 
information, on- such' devices iis^described in U.S, Patent 4,539,507iwhich is hereby 
incorporated by ireference^-- '^'^5^ ' n{s:ii(iz.r. y.-:; . 

f * 1 Acdordiidg to another embodimerit of thevinventibn^shownUn^-Figure 4,- the 
orgMic Uighi: emitting ' layer i rO^-COtnprises aAfirst sublayer^ 5^1 which includes 
luminescent -and^Kole transit 

elebtibti injectionipropertiesJ TheqfirslCsublayer "15 comprises afpolyailane,^ and the- 
second ' sublayer' ■comprises ' ah^ '^bxadiazdl^i^ coriipound: < This"'' structure produces' 

ultraviolet (LP/) ligjlt:^« ^'^ .loSi:.;^^:/;- : /i. -.Ivl-.jr:.:'::.;^ 

:r!i3iv-: Polysilanes ^are linear' silicon- (Si)-backboneJ^polyiners '^substituted '-with-^a' 
variety ^ of alkyl'- and/or aiyl side <*groups. In contrast to ^conjugated • polymers., 
pblysiiianfa^f^arbv quasi ' ohe-dimehsionar' materials -^withi^delocalized ■ <T-conjugated- 
electrons along the polymer^ backbone c^^^ 

natiireHpblysilahes exhibit a sha^^ efficiency* 
in^ the -ultraviolet • region.^ Examples v of I suitable polysilanes- include poly(di-/>- 
butylsilane) (PDBS)V p^ (PDHS);> 
poly(mcthyl-phenylsaane) (PMPS). and poly[-bis(^-butylphenyl)silanel (PBPS).- The' 
'^pblysiiane* sublayer- 15""ci^^^ spin coating- from a toluene solutionivfor-^^ .:^ 

exam'ple>!The electron injectibn^sublayer^l6 may compri5e'2,5-bis(4r^ 
oxadiiazble! (BBD),^ for example: f Additional inforniatibh- on vUVrCniitting -polysilane" 
organic light'emittirig layers iis desciibed-iniHiroyuki Suziiki et al,>"NeM--ultraviblet 
ElectroluminescentiEi from PolysUanes", 331 Tliiii' Solid Films 64-^70i (1998),^^ w^ is: 
hdrtby iiicorpdrated by refereiice/r'^^^ j^r.^^K,. ^ ?>:-.luyI-.. v. ■ 

J a J TVccofding"* tb aiibther embodiment of the invention shown i Figure 5, the 
organic 4ight^ 'emitting- laycf'^l 10» comprises a hole injecting^' sublayer 17/ a hole- 
transporting sublayer 18, a luminescent sublayer:l9rand an electrdh4njecting isublayep 
20. The hole injecting sublayer^ 17' and^holc' transporting sublayer 18.. efficiently 
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provide holes .tp^ithe.-recqmbination area.^ The .jslectrode injecting^ sublay^ 20 
efficiently provides electrons to the jecomb^ ! v - : - 

The hole injecting sublayer , r7-may comprise a porphyrinic compound^ such 
as a metal free phthalocyanine or a metal containing phthalocyanine, for example. The 
hole transporting sublayer 18 may comprise a holer transporting -arpniatiC;itertiary 
amine, >yhere.the latterjs.a.compound-containing at least one trivalent nitrogen atom 
that^is bonded only ;]toicarbon atoms; ,at least.pric^of\^^ is a member ^of. an; aromatic 
ring. . The luminescent sublayer, 19\ may comprise,.! for example, admixed ,,ligand 
aluminum chelate, emittingi in -the. bluc^ wavelengths, such: as bis(R-8:quinolinolato)- 
(phen<)lato)alupinu|n(III) chelat^ where/R is a ring substituenttpf the. 8-quinolinolatp 
ring nucleus .chosjStt; to; block-th^ Srquinolinqlato, Hg^ds 

tOirthej^aluminiim atorn..The,:electt:pn;tinjection. subl^^ ,20, may- comprise {ja metal 
oxinojd chaxg6,^acccpting conipouii.d,:suchiMiA:s^S7che^ oC.aluminimi.: Additional 
information ojri*:',such^{foiu:>Iayer jmate^^ devicesc^are described^in JLI.S,: 'Patent 

5,294,870; which js^ hereby fincorporated-by r^fe^ 4. . -ofi * >A 

■ hoqThe abo^e examples of organicjightemit^^ l-^ip.can be.used|tq,design 

a;light. emitting dpyiccj which emits^inonejOt^morerdesired cplprs^fpr. example, the 
lighti eitiitting.,deyicfe,,1^5 can. emit one. orcmorec.of ultraviplet/ blue, •green,f andr.red 
HghtiThe. different color .regions can be. fonned:byj applying, two^or more organic light 
emitting ! layers. ;1;10? having different compositions tOf different regions £pf ;the. same 
electrode. The term ;-4ight remitting <device"//generany.frefers^^ the.cpmbinatiqn of the 
organicilight emitting layer 110, the. cathode ISOi andLthe .mcde rl3,0:j.As^sh^ 
Figure I , the light emitting .devices 13S may^alsp includc-a/Substr^te.l^Q. Jhe substrate 
140-provides a base iippn^whiph the. suioderl30, the^organicj light emittingr layer 1 10, 
and ithe cathodeil;2Q can be(depositedfduring:^/ormation. !The;-^^ 

-for J examplev-. glass ? or,sia < transparent -polymerjvsuch v as iMYL ARr.«Therr-Ught i-emU - 
device 135:,and Jhe . luminescent material , 160; together j forni the . li^^ . 

- Thc Jight cmitting^ device 135./can,,b!e encapsulated i within a^ encapsulating 
layer 150. The encapsulatirig.layer. lSQ preferably :prpv^^ water 
properties' to rcduce^-W.^preyiait rOxidation; and. hydrolytictdegradation.pf.the organic 
light emitting layerrl lO and the electrodes 120,i 1 3 0;The; encapsulating layer, 150 .may 
comprise an inorganic '.material-such, as glass or quartz which may beiadhcred ,to;.the 
cathode 120 :withr efx>xy.: lnvthe case^ of a glass j encapsulating layer;:adhei:ed .toj.the 
cathode 120, the substrate 140 is typically<alsocglass.or;tquartz and.cw.*^^^^^ 
encapsulating layer, so that the portion of the encapsulating layer 150 shown in Figure 
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1 adjacent to the substrate 140 can be omitted. A sealing member 152 can be provided 
along the perimeter of the device to ^seal'the encapsulation layer 150 adjacent ttie 
cathode 120 to the eciapsulation layer 150 aHjacjerit the anode 130; The sealing 
member 152 may bbmprise 'a metal such as' tin; indiumV gold, or a 

combination thereofi^forexamplid:- .r/iw' :i ^ t . 

: ^' According to another embodiment, the encapsulating lay 150, or a portion 
thereofrthay comprise a polymer such as MYEAR'coated-with a dielectric niatenal 
such' as silicon mbnoxide,<*siUcon vdioxide; silicon nitride, 'germanium oxide^-vor 
zirconium - bxide,^ C6x example. '' A' layer 'of • a hydrophobic' "polyTiier* - such ' as -a 
pblysiloxarie, TEFLON; or^^' branched polyolefin, e.grp^blyethylene or polypropylene,' 
can^be' applied to -the dielectric^materialV if diesired,'* According to* this^embodiment,' the 
' encapsulating layertl>50 can also serve as the substrateU40/so that a separate substrate 
'140^ci^^^l>e drhitted/'Additiond'eni^apsulatidh materials are described in 

U.S 'Tatents 5,874^804 sind 5,952>778; which we herdjy incorporated by referm^ - 
As shown in Figure 1, a luminescent materials 160 is aj^^ to a surface of the 
light 'emittirig device 1^351 The luminescent miterial46d'abs6ii3S'energy in one p>ortion 
of thieS^ electromagnetic -spectrum- and - emits ^^ergy ^ 'in - another ^ portion v of the 
Electromagnetic spefctnihi;' as/ is Well-known in* the'^'art,^ Typically, ' the; luniinesceht 
xhateriaKl^O comprises-lsui inbrigailic'phosphob'M iiiorganicpho'sphors provide^the 
advantage>that'they > are^gen^rally not 'Sensitive to^oxygen:or moisture.^ Accordingly,^ 
thiey can* be-applied 'to the-^bUtside^^o^^ 

without- sijghificaht I -degm^^ time; > However,' other' types of luminescent 

rhat'erials.-s'uch as organic' fluorescent mated . i - . .ru;; 

^ i ■ - * Ancexaniple'»6f 'a-suitable TCd emitting inorganic phosphor 'is SrStOyvSm-s 
where the vSrri^* followirig' the" cblbh' repreients-mi 'activatoh^ This'^^^ absorbs 
:rhbstrvisible^wavelengths^shbiter than -600 nni and emits:lijghtta? a^deepired' line^with-a- 
wavelength greater than 650 SrCOji H3BO3 

taken 5% in excess, and SmjOj, and heating the mixture at 900*" C in a reducing 
atmosphere, e.g. 5%- hy<hx)gen; for>5 hours. Other suitable' red= emitting phosphors 
include Sm^* activated SrBejO^; BaMgF4VLiBaFj, and BaFd^^ •^ . r. .J ' \ v-x 
■ ■» ' r. > All example of a suitable yellow emitting inor^wiic phosphor is •YiAli6ii;Ce^*^ 
This phosphor absorbs most waveleiiglKs below 500 nm arid has a maximum emission 
at about 570-580 nm. YjAliOuiCe can be 'prepared^by blending ^YjOj, Al^O,, CeOj 
with 3 mole percent AlF,,' which* acts ds a flux. The- blerid is then heated a slightly 
reducing atmosphere at'1500°C for ;6-8 hours. , 0^ .? • - C ^ -n. . 
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An example of a suitable green emitting inorganic phosphor is SrGaaS^iEu'.^. 
This; phosphor , absorbs. . below 500 . nm.. and. has . a maximum ; emission jat . 535 
nanometers. SrGa2S4;Eu^'^ can be prepared, for example, by blending G^Oy, SrCOj, ' 
and EUjOj and heating at 900** C for four hours under a HjS stream, then grinding and 
retreating at 1000^ C under the same conditions. r l>v>'>:! - ; ! 

An,: example^i ,^of a suitable-.. .:fblue . .emitting -. inorganic phosphor is 
BaMg2Alu027:Euf . .BSaMg2Al|6027:Eu^* absorbs most wavelengths. below. 430 nm.and 
has a maximum emission at 450, nm. BaMgjAli^OjjrEu^^ can be prepared by firing a 
blend- of rBaG03,^Mgp,:Al20y and. Et^Oyrat-^ 1400?-C for. Srhours^ihita reducing 
atmosphere. .i • ^ l A ^i'K)r\o^ ; . 

. ; Examples i of ; organic fluorescent . materials which ,xan j be ..used i as the 
luminescent fmatCTialj 160 /include 7rdiethylamino-4-methylcoumarin r(coumarin 460 
from .'Excitdn ;Inc.)awhich absorbs :belowfh42pi;nm and i.cniits ;blue>light;.^3-(2?r 
Benzothiazolyl}T7rdiethy]aminQcoumarin..(coumari 540 ..from- . Exciton^'Ine.) which 
absorbs below • 500; nihuand: emits igrcenrjight; j4-Dicyanmethylener2-methyU6T(p- 
dimethylaminQStyryl)^H-pyran (DCM . from .Exciton Inc.) which absorbs belowi 550 
nm.and ernitSired;-Fludrol 7GA:froin Exciton Inc., .which absorbs below^SOO^nm- and 
emits yellow;* 3',3r-Diethyloxacarboxyanine Iodide (D.OGL from Excilon Inc.) . which 
absorbs below< 500. nm*and emits; green; and.Nile.Rbd - (Aldrich Co.) which absorbs 
below.600nm and;emitsred.. ' )[\ i .'.«f.*i.fu ^ v ? : . -i - . . . 

. - \ The luminescehtrniaterial 160 may absorb all or only a part.of the light emitted 
by> the forganiCi light? emitting, layer 110. For; example, the lurnine'scentTmaterial A 60 
may absorb alltheblue light, emitted by. thc^qrganic light emitting layeryl'lOlandiemit 
red light. Altematively,n the luminescent materiaUl 60 may absorb onlyj a part.of the 
light emitted by the organic Ught emitting layer 110 and emit yellow. light,u for 
example.^ In this^casB^-the blue^^^^^ 

phosphorcombinetoproduce:anothercoloroflight; e.g, white light : ' : :;i\r: 

The;Iuminescent material 160. can be applied to the light emitting device 135 
in a -variety* of ways.. For.; example,, according; to one, embodiment,. the,; luminescent 
materia] 160 .is. combined; with a carriermedium'and.is. applied to the^light eihitting 
device 135..with.a'Conventionar.printcr'such as. an' inlgct-printcn In^the case. that:the 
luminescent material;! 60 comprises an inorganic phosphor, the inorganic phosphor is 
typically insoluble;in;thcxarrier mcdium,*butis disp>crsed or suspended in the fomi of 
small particles and stabilizedragainst flocculation.and settling by^ a! dispersinglagent. 
An example of a.suitablc suspension' comprises .aboutrl5i;yolumc percent, of phosphor 
powder, (e.g.. cerium. 'activated yttrium aluminum' garnet): iii a liquid :mediuin.r The 



(28) 



4#M 2001-297879 



phosphor powder particle size is typically about 10 microns. The solvent making up 
most of the liquid medium comprises I'-butanol, for example. Added-to:this is 0^5 
weight percent ethyl cellulose as a binder and S.O weight percent of Mehhadeh fish oil 
as 'a <dispersant/* The material can be ultrasonicated for 1 5- minutes- to umformty 
i disperse the powder and to break down soft agglomerates. < ' 

^ In the case-that the luminescent material 160 comprises-^an^organic dye, the 
organic dye typically can be'dissolved in the caiticr medium; The carrier medium may 
comprise water, for example, and/ if desired a water-soluble* co-solvent such -as an 
alcohbl^ ketone, or ester. A^surfactant may;also be- added to. adjtist the surface tension 
of the solution, as is known in the art. S'Oilr* .r. 

.- Figure 8i illustrates^ an apparatus 200 ^ which is= useful for>^^ the 
lutninescentmaterial :l60 'tp the light emitting- device 135 ^according, to an' exemplary 
einbddimqit of the invention: Thecapparatus<200 comprisesacomputer 210,^ ajprinter 
220, a monitor 230,.and<a keyb6ard*240.':The a)mputer'210 comprises a memory 212';: 
a central: procSssirig unit 214j i^dom Access memdry^2l6, and'a modem 218, among'^ 
other, components.^ The: memory f2 12 stores anfdrihation 'such> as digitaliirhages.' The> 
central prbccssihg unit-^214 processes 'instructibnS'^aisris wcU kiibwn in the art; The 
modem' 218 provides an interface with a computer network .such'; as^ the internet/^^f^^^ 
example/iahd' may 'receive « digital:^ images 'firom^'t^^ printer 220 irec'eives 

data, such as image data» fiom the computer 210, and prints:images 'in ^accordance' 
with ithe^ data. The -printer 220 may' include a printer !cartridge''222 which delivers at 
least fone phosphor solutibnrto a/substrate such 'asnhe light'/emitting' deviceol35?on^ 
command.* The printer cartridge^ 222- may includciiSfor/cxample;ahree reservoirs', of 
phosphor solutions, red/green; and blue; which are :printe<i onto the substrate to create ^ 
a color image.H' •: «>r: i..;*.*- .^j ' A-'r^t oir^ • --»*: Ir-rAiiii-y . -l- '/ 

' ?The;*'ttfi^ can?"be??designed to' have'A stdhdaErdizedt-^papep ^ • • • * 

dimensions, such aSiN'8.5 i.x U anches,'*; A4 .dimehsions,'^ietc.,^ as weli vas suitable: 
flexibility and:thicknessy.so.that it'will fit into stahdard printers such as inkjet'printers. 
Gonsequentlyi^iimulticolor computer, images :: can be designed .with ■ commercially ' 
available software and printed^on:die light emining device 135:iIn additiohv multiple 
layers, of. the 'luminescent* material ^ 160 canybe;'applied^^with a: printer* to'thc^lighti 
emitting d'eyice'135. For example/ a green emitting phosphor canjbe:applied over thei 
entire light emitting device 1135, -and an < additional :phosphor or phosphors t.cian fbe) 
applied in. a piitteni on a portion of the.greebeniittingip^ .:!: ?t .. \ij . 

.j -.-vIn thexase that the light* emitting device i 135 does not fit into a standard printer, 
or is not^sufficiently. flexible;, ithCiimage: can be printed onto: ah. intermediate substrate;: 
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For example, a phosphor, pattern, can be printed. onto ,an: 8.5 x 1 1 inch^ sheet, of, 
transparent material having a transparent adhesive ba.clcing. .TTie printed intennediate 
substrate having the phosphor pattern thereon can then be adhered, to the light emitting 
device .135 by, means. of Jhe. adhesive backing. Injhis wayj^ emitting devices of 
various shapes-canj^be/fonned and later^customized by^an end user<,;Figurc 10 shows a. 
cross.r.sectipnj-pf ,such;5.a5 substrate ^.162^ having ^.ap;; 2ulhesjve...backmg ,rl64 i:and a 
luminescent material 160. The image can also be printed, of course, with an^^large: 
aresa inject printer,- rathei; than with a conventipnaynkjet.printCT designed, to print on 
convjcntional paper,sbses< v> 7:- - r ^---i ;>;>?.,!; - li r..,,.,.^., ,1 

:v\ . According>to^other embodiments . of ,ithe^inyention,^ th^ luminescent^ material 
160: is ;appli.ed,itp4he,-jUght;.emittiiig deyiceol35^withta suitable, camei:, medium .by .aj 
mamual impIement.fThg/lumin can be mixed^vyith :a.pa^ 

and packaged fey, oplor;j>A iSuitable, iCarrier,ime^um:5for, any jnorganic )php^i>hor:5.may ^ 
comprise,, for exiunpje, l-butanol with .0.5 weight^pm^it^ethyl^^^ asr,a binder 

and, 5)0 iweight percent^ of Menhaden' fish oil ^as.> aj^dispersOTt^^^^ 
Figure- 7- - il^^stl:ates3^th^ee^; jcpmaine j^different, 
phosphors, e.g^rcgijigfeeii amd.blu^^^ Figure-7 also.shpws^a manual rim^ 
manual implement 250 may be, for;example,:.%paint^brLish, ;a.sta^ 
phosphor solutipn;can::then be- painte^d, stampjed,\pr^wTittjen on a jight ein.itting{ device 
135'inany desired^pattern.and.colo^.^ i.-^j :£7'- ■^:i^';,(y;i 

;-M^v?o Accordin'gvtOfanother embodiment of theiinyien^ itp. 
apply ;.the phosphorrsolutipn pnto-the flight -emittiiig device; or, intenriediatCj substrate. ; 
Th:e,iscr^,enjor;screeiis icpntaimng -the^rd prepared by., conventional 

nfethpds, and the phosphor solution is applied to theilight^^itting device; 135 through , 
the scrccns^tp transfexithe^screc^i pattemitpi^^^^ , , 

^tAfterrlhe pho^^ - ..j : 

the phosphor solution dries leaving a luminescent layer 160, as sho wri:in> Figure^ 1.- 
The iuminesccsnt.layer: 16P forms a pattern onithejlight jemitting,4evipe Typically, 
the:;luminescent| layer 460sdpes not coyer .the;i<entire4ightjemh^ lighti 
emitting .device;.I35t:. l^hc light. eniittingvea^U^generally be,defiiied;bytthe,pverl^^^ 
region of the two electrodes 120, 130. As shown in^FigureA.the pY»|.ap region 30.0. is. 
defined as the region in which the electrodes 120. 130 overlap. The electrodes 
typically have perimeters of substantially^'thc" same^*^^^ 
region 300. will ;be .cpntinuous;in^^ sense that it:is-nptjmade^up,of^discre^ 
regions, but rather a single region. In the overlap; region- 3 00, an electrip/ield^wilUlje 
generated to cawse.ithenprganic . light, fmittingjlayer;:! to^emit. light.. As, shown in 
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Figure 9, Uie luminesoferit niiatcrial li$0**e.g. phosphors, typically occupy a portion, buf^ 
ndt alVofthe overlap region 300. « , v - Mr.jv->.' ..n • . 

'The : lununfescerit'tnaterial^'l^ take the fonh'^ of numbers- letters, 

ornamental designs; or ^anyi other 'desired form. It can include^ multiple colors.- The'' 
power supply 180 'shown -in Figure 6 can include a controller which' applies a voltage * 
to the luminescent display-1 00 according to a^preset'schedulet'e;g. blinking once^ a * 

second/''" * ' -'^iU -^-'^ ■ '^-V -= ^^^-^ -^^^^-^ n.^ :i*;t\U\'^f 

^Accdrding -to another einbcidimeht of the invention -shbwtf in Figure IIV the-^J 
luminescent display 100 includes at least two sets of indetjendcntly-^op 
electfddesi' Iii Figure ' 1 1 , a-first^set*'of fele'ctrodes"^ a^first'^pdrtidn-1 02 of the 

lumitiesceht display 100,'^arid a secohd let of elec'trddes contrdy^a'secdM'p^^^ J 
The'electfodes are cbriiiec^ to the^pSwer lsupply ^iSO'v^^^^ 

power^ supply ISO^iiVay*^ the • first-raiid^* 

seooiid sets'of dectrodesi For ex Figurea I, tHei^NO" pdrtidiicipi^ 

cah^^be tiirncd'on or off^hdependfently^df tiie^ "VAGANGY^? pbrtioii'. If::desireid^the^ 
electrciles c§ri be 'operated iridepeiidfehtlyWcor^ to -a preset schedule; Tri -the case of - 
rhuitipie -sets - of ^electrodes i ^each'^^setv^ of ielectrbdes- can' ^be - electrically Insulated 'fronil 
other sets; by an dectrically insult "^^'^'^ h:\sfi^-xo 

v^^hRefeiiing agaiti to FigurVl, for<abr^6nTesistancei ail- abrasion -resistant layers 
170 can be applied over the luminescent material 160i'<Th^'abrasi5nrresistaiit layer 170^ 
niay xdmprise - a' trahspa^ -such' ^as^-MVtAR' or other 

transparent -pbl>m • fof 'examplk*^^ resistant layer' 1 70> may'^^anclude-^an^^^ 

adhesive backing Whifch'is« used to adhere' thc^ 'abraision re^sistaiit ^aycr>170 to the^ligKt^ 
ethitting device 135 and ^liiminfe^tent inateri'al ^60 If 'the' 1^^ 
comprises an inorgtaic'^phbsphor;'- thfe;4brasi toi* 
- providie''^bxygeri -/o^^^ are . , 

r«iatively*atiable/^--; ''''.X -^r-^^^^-;. ^.:r.rA7^ -.r.i, ^^u-r^i- •. v-a ,::i^;;q.:v 
. . K:r^j/Qthgj embokliments bf the bvention will "those ^skilled in* the art'*' 

froni^ a Whsideration 'ofHhe«embbdimeri^^ disclosed herein. -It is^intended that'lfhe^ 
specificatioh^and ex^ples be raiisidered as exemplary only; with thfe^scope and spirit*- 
oftiie^riv^ritiori^lJcirigdefiM^^ ■ 0 : ■ : -::ic;i>ivcv : ruK.^ir' 

t4tiOi::::'r, ' y- : ■ .01; ^ ^^^'I'.oi-- .^vr.iv- .'i n^y -r^^i yj l .niV^b 

4v!Brief]Pesci:iption^pfi>rawm^ ;:v,;:>frT. . ; 

; ^^vw^^Fig(^^e•••-^^is a 'Across' sectional View' bf a lumih^'sceiit display '^according to ani 
exemplary 'embodiment of tbc^inv^ ' - . ^;>i s^r^/^fv r i:-.;.;^ .feinorv^^j 
* ' '^'^-Figufes 2-S 'are cro seCtionM^views^df organic light anittin'g layers according 
to other embodiments of the invention; 

Figure 6 is a perspective view of a luminescent display according to an 
exemplary embodiment of the invention; 

Figure 7 is a drawing of an apparatus for applying a luminescent material onto 
a light emitting device according to an exemplary embodiment of the invention; 
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Figure 8 is a diagtam of an apparatus for applying a luminescent material onto 
a light emitting device according to another embodiment of the invention^ 

Figure 9 is a drawing which depicts illuminated regions of a luminescent 
display according an exemplary embodiment.of the invention; 

Figure lO is a cross section of a device for. -applying a luminescent material 
onto a light emitting device according to- another embodiment of the invention; and 

Figure 1 1 is a drawing of an exemplary luminescent display which includes 
multiple electrodes. 
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1. Abstract 

The invention relates to a luminescent display comprising a first electrode, a 
second electrode, an organic light emitting layer disposed between tiie first and 
second electrodes, and a luminescent material which receives light ifrom the oi^anic 
light emitting layer and converts the light to a different wiavelength, wherein the first 
a££i secbnd electrodes VdgeihMV ah overlap fegio^n in^w light ' 

emitting layer is activated tQ.emitvlight, and th| lumiriescentmat^ is disposed in a 
portion of the overlap: region.£Th^ ajsq relates to a metfwd the 

steps of creating an imagje and printing the image on a light emitting device 
comprising an organic light emitting layer after the light emitting device has been 
formed. The image may be created, for example on a personal computer, and printed 
with ah Inkjet printer. The image may be printed in phosphors which emit light of one 
wavelength upon absorbing light of a different wavelength from the organic light 
emitting layer. 

Various embodiments of the invention allow customized luminescent displays to be 
easily fabricated by end users by applying a phosphor pattern to a preforincd, 
encapsulated light emitting device. 

2. Representative Drawing: Figure i 
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/V) -1; 2/ 4-^Tv^Ty— >'K KT^8-t Kn^ 

i^^y y vtr^^jg^ft: cn^i-c. i&JS(^z n\ a v^ m 

gXrtL i )'J&5fc;5,-^3fegiJJil 3 i::E?L«ft5SBIBl 4 

^453950 7-^ (mm\^x^x:^^Mmm<r>i^^0^ 

m-(OW\m 1 5 t«-T-?iA4#1*Sr-&tf»:iIOBJS 16^ 
[0 0 3 i;]-:*?y iy^ yfifil^ /^r/v-^/^^tJ^/xjir 

®^t-'5>i?y^-T-fcSo n^lfe^y-^-^'ti^ffi^W- 
7tC7)igS^¥V->:y(direct-gap> ^yV^^fi^ 

^^■fo'lii^^c^^y iyy:y(Dmt bT(^. Tjey ;{v^-n 
V)' (PDB S) \ ;i<y (i^^ri.-^=¥v^ 
(PDHS)-. .iJi^.y (y;^/l>-:7 3::-/W^>7 
ly) (PMPS) SiO^^y [t*;^ : (pVy'^/i-:7a.i::^ 

* -y^y] (PBPs) Ji^y i/^ypiSi 5 

(i^ H '/^^ y S« f y h tr 6 m J: o 

40 T^it-S:: :m^^Ai'j;i 1^ 6 (iMx:(^2;- 

s-t::^ (4-t*:7zc^/^) - 1, 3.1 4-:^-^i^i^r 
y -yu ( B B D)l- h^J:^Z. b U VSJcmti^ 

y i^7y^««*®J-ol>TO|*Ll/^itffiJi/ H i rVb' 
y u k "i S u z u k i flfe, • " N e a r ^ li 1^ ^ r a v 
i o 1 e t El e c t r o 1 u ni i n e s c e n* c e 
f r o m P b 1 fy s i 1 a'h e' s : T h 1 n • 
Solid Films. 331, 64-70 (1- 
9 9 8) {mm\^XoX:^mfm^(0\^^(D—Ui:^J:i-) 

50 [00 3 2] |g5J2::T^U/c*^I^OSiJ(O^JS?g^l;ic3:^> 



11 

t.. ^m^^m 110 (ijETL^Aiijs 1 7 . lEKnm^i 
mm 1 8 i^jEK^mi^<D^mm<om^^r[ VTji^e,/^ 

d^/jJ< lfi;653?#«0-mt?*>-5^b-&iteT**>'5o % 
1 9 j^^Jx.»^WfeCO^S:^X-^^i7-5fi-& V 

(III) ^U- hT'fct); ^::X*R(iT/U5::=:«>A 

sgj^sr^Sb-Sc m^aAiiJS2 ofiT/^^-e?j,(o |. 

tv£^±Offf«li*P4#it^5 2 9 4 8 7 0-^ (S^J^IJ: 
[0 0 3 4]- ^m^%m 110 CD±iE«?!l*i 1 i^_L(7)E^M 

i^Rt/#0^(;D.li^JlJi^JSUl-r6C't;65T*#^o «^/^ 

*r^^3t® 1 1 Ov -^y— Ki 2 o'Elx^t J — Ki 3 o 

1 3 5 liStS 1.4 0 t^AxT*V>^C ^;ei5T*# 

ssi 4 Otis ji^^4'7:>' - KI 3 0. mm%%m 

.li 1:0 Ri;^;*? K 1 2 .0 SrSg^iT-S ^ ^ ;65-c-t 

(MYL AR). 5*SPJ^.tJKy-^7-;ii^?>/^$r: i:;dS 
T# 5o ^^feT^^NV J:^ 1 3 5 ir^l^fefee 16 0 Vl-m\z. 
?teoT^*x>r ^^T'u-f 1 0 OSr^g^-t-So 

[0 0 3 51 ^A-r >'<-r >^ 1 3 5 (l#t±g 1 5 0 (On^ 
X^nit'thZ.ht^X^^, .r(7?i^ihiil 5 OH. TKi:®? 
^^^yir^RFtt^a^LT^ja^^tBl i o^rmsii 2; 
0.13 0(75K^b<bAD7K»^lrJ:5^fe^^k$rffi^3^(iKih 
•r^>OX^^ Ll\ ^^tlhg 1 .5 OJ:i.,.?i;J^^r'>|;i:i: 
y- Kl 2 0(-j§g«i-5r^dS-C#'5;^f 7>^^^^<??ct 
5^.fMmM*t^sf;i,^??/.foTi/^T>bc):i.\ ;«7y-Kl 2 0 

«>glSi>Sr^liiS-r 5 t i)^X^ 5o -r^^-f jZ3t:::AVo 
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Xv^-yi-as^t 1 5 2^nnxytfy-r' KI 2 0i;^^it-r-5 

#fjhsi 5 o^ry-Ki 3 oicsm-r^m^mi 5 0 

i^Ml^Xi^-./i^t^^t^^Xt^^o ^KOiy-yu^Ul 5 

[0 0 3 ej.s'jo^js^edi'S^. m±mi 5 oxii 

'7i^.:y X^^fSm) (TEFLON). .X<ift55'ttU^c:7Ky:t-V 

i^TKttOzK y -^- (^ii>^^m«Jisft;i#*t 5 a: ^>T-# • 
So wCD^ifeJ^lgXfi. itJhJi 1 5 -0 1 4 p ^ L 

xiim^-r^z tif^x^x.' %m(o£m i A o irkm-r 

Sr^;65x#So S'J^^N-ihfe^WJlsf^ds^H^FfFms 8 7 
4 8 0 4-^Rt/|^^5 9 5 2,-7 7 8# (g^l;i<toT* 

[00,3 71: BIlt^:^^?i^Tv^-5J:5^r. 6 
:itr-X^ So. U*vb.v^a^*ife!g<?5 J: 5/jr{ifec;o^^>r 

30 ■ [0 0^3 8 ].:Mmfjt0&^mMm^yti^<D—mas:T 

4O7: Sm2+Xfe5; =» ni i^^^P^O Sm^+f^^t^^fb^J^ 
*t"o ^r:<0^3t^*:^l. ;6 0 0 nitii A>if<?i)pJ 
^iS:^^eSlClU^ 6.5 0 nmJ: 9Sv^zS:^03t^^^9Sfe 
mt\>XMctii't^, S r B4O7..: Siii2+(j:, SrC 
O3.. 5%igpiJ(DH3B03R.t;^.Sm20 3^Jl'^.U. C(0 
Jl'&ife^ilTEii^^H^. ^Ilxf^ 5%7m^X5^ra 9 0 

0t:i;iiD^i-SC^t;::J:oTffii5tf sr ^;65X#So 

<03g^':^#fe.i&ai^7fe*J;itiSm2+.TSt4<k$tuS r 
^eOlO- B aMg.Ff4<. L i B a F^RXfB a FC 
40 teSo 

[00 3 9] ii«3/^^feiSaMm^7fe«s:<7)— e^!|flY3A 
1 50^2 ' Ce^+T-fcSo -.^lO^^tflsH S. O.O.nmJ:!) 

A.<i:'coftS^eSi|X U ^ 5 7.0 ~ 5 8 0 n inl;i 
m::k(DtSi:m^^^hJb. YsA l 50.12 : .C e 3+,j:Y203. A 
I2O3. Ce 02^3^/U%OA 1 F3 Ji^V y ^ t I. 

xmt^Th) tmzyui^h'l.. »:t;iwCO:7^u:xK^^ 
-^aa5r;l4<o#IStv4^X6~8 0#rBli 5 0 0*C(c;bDfiat"S 
^■^ i;i X o TS^ig-rs c.^ i^'-xt So 

[00 4 0] liSJ^^^-feSfeai^^^^fr^^^-^dfjcS r G 
.50 8284 : E u2+X^fe^„ ^ (O^^fefls:^ 5 0 O n m^JLTX 
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PiiiRU. mi«omttii>^S 3 Si-y h/i-X-h^o St 
Ga2S4: Eu2+fi:;-e^!l^«.. GagOa. S r COaX 
U^E U203^:/u:/ KU. H2SSeT-C4^Fb^9 0 0*C 

[0 0 4 1] mwi'^&nmum^^^f^-'W^^B a m 

g2A 1 16O27 • Eu2+-C$>6o ^<7:)B aMg2A 1 igO 
27 : Eu2+(14 3 0 nm J: A.^*<^Kfi^P^iR 
U S^iTJiftW^M 5 6 nmT-fc5c BaMg^Alie' 
O27 :'E u2+{l. B a CO3. M gO. A l203S.t)^E 

xm^-r^ zt{z.xo xm^-r^ c ^ ^-x^ 
[0 0 4 21 ^%m^ iQoh Lrffiffl-re ^ t f)^x^ 

^^m^^^9(7)mt C-Cf^^ • 4 iZ b n mSXTX^A^ U 
Wfe^^ifetti-r 6 7 - ^ y - 4 - 7< ^/^^ 

yix (Exb^i t o nth*?!)^-^!; ^4 6 b) . 50 On 

mOTT*Piiit5lU*i^fe3tSriJcffli-^>3- (2' ^lyyT^ 

TV)>J^) -7— i^^^^'^T^y ^"^y ^ (Exci t 
o hkt(0^-^\) V5 4 0) \' 5 5 0 n infeJL"l^"C?RlR U# 
fe^i^m-re 4 - v^i>T l^y^ ^ 1^ V- 2 - ;^ ^/U- 6 - 
(p-v?y^/l>T^ y ^^y>'^) -4H-t:'*7>' (Ex 
c i t bnttcODCM) V 5 0 0 n mJgATTRjR UjSfe 
'^SriffeUi-t-SE X c i t o ria<75F 1 u o r 6 1 7 G 
A. 5 0 0 nin£JLT"eP^ll5tUl^ife^*^cffli-6 3, -3* - 
v?aif^/i.:^^i^;i7/U;j?^i/T^V3 — K (E x c i t 
onttoboci) . 25:t)^6 0 0 nme;TT?8aiRL.#fe 
,i:WL\h'ti>'f'^ ^^^y y (A 1 d f i c h?±)';65fe5o 

[0 0 4 3] ^3feifeKi 6 o\±^m^%m \ 1 od^jkm 
wfe^^-r-^TP^Jiji LT#fe7fe&»m-r ^ - i>^x^^, 

[0 0 4 4] ^Tfefe^l 6 0Ji<t>«^^<^^Sl;iJ:oT^5fe 
•r/<>f ^13 5 lii^+tt-SCl ^ 36^ -Ct •*^!l;ttf . ^JS 
JgfiSX-fi.H^feifeKl 6 OSraft:i««i:-««»-bx 

>f 1 "3 5 |:i'H-Jt ^'o 1 ^ 0^f)mm,^%m^h 

ftm^n\^x^'&i\:.ir^:mwmmm(o-m\'tmw^ 
y e7ATyw^ ^.5/ h> \ 5^s%^tfo 

^Tfeflsrgi^cOS^gtlil^^ 1 0 ^ ^ n VT-fc6o • 

-So rixt::. Jg-^W^urO; 5Sa%o:ii^>^u-fe>'UP 



) #§32 0 0 1-2 9 78 7 9 

5o 5 5>FB^®^}6«l^sLr^»*^^is-i-5^fi^c^ 
[0 0 4 5] ^mk 

[00.4 6] EI8(C. :*:5ll^(D-^ffi3gffii;i«toT^^ 
10 J|^K1'6 0<l:^3fe'r>'^^'>^ 1 3 5lC^Jt5i^t-^ffl?i^iS 

g2oo4:^-ro r:(??ism2 0 ofi=':/f:=^-^ 2 1 

0. yy 2 2 0.^=^1?' 2 SoRtF^af^— K2 4 
0^^AyT-l/>'5o' — ^ 2 1 0fi>?«^y 2 1-2. 

(CPU) 2 r4> ^>^yi^Ti5'ir>^p«^ 
y 2 1 6Rr/^'7^ix2 1 sSr-^rt^flll^^^^^Jf— h ^ 
^d^A^-ev^eo- >«^y 2 1 2(ixv^^5^/i-pj^coj; 

iw$fi^i2ii-r^o' 2 1 4(i^sw^^^xj^ 

^cDilD^^^iOfS-r^o '^-x^ 21 8ii^^!l;it^-f 

SrS^ti"'6w i:;65x*^5„ :/y 2 2 0 

Oct 5 3^7^—^ ^=^^1^^"-^ 2 1 0:6^?>S*tSiDo ^ 

(Dx-^i:iiJ&or®^^fnJSiJT5o :/y>'^ 22 0^1. 

^TsXZ &(0 J- 5 3feS#:JJii5ltti're^r y >'>5':&- h y V 
ix2 2.2 ^-^Ay-Ci/^-SC i:;d5-C^^o 

hy 5/v?2 2 ^\^: m^i\z.^m\^i^x^y- 

. 30 [ 0 0 4. 7 V^%'^:^^fi 3 .5 flv. -r V^J' i^ai.iy.K// 

y :xt5^(OJ:5/.^:S2p«jnr^>^y v-^^l^i-^p J:5l-8.' 5»x 

i^Kl 6 0 ^^Tfe-T^X-f ^ 1 3 5HftJt6^i^;e»5T#- 
[004.8] l 3 hi^W^<r>'f^)^y^\c^ 

imnh. backing). %:^'rhmm^j^^^<os. 5 x1 

^ttS*l*i-i:oT^.^T'^M;^ 1 3 5l;iig^-r6>i^;55 
X^^o Z(DX^\:i\.X.-m^^J^m^(0^%ry<^:^^ 
50 Jg^ir5C^d5X^. ^^;l3l>'K^-1^•365:*;^^■^>^ X 
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Kl 6 Oi:^-r^t<DXofj:mWl 6 2 (Dtr®«r:^-ro 

[0 0 4 9] ;*:^PJO{t!lO||JSJf$^JJ:J:e^. ^3feifeK 
;^ 1 3 5l^^:m LT#ft5o 6 0 i:Xmi^t^M 

l^^ttt LT 0. SSSyotOrt^/U^yWP— >^ ^^>tfe^pj 
-!rUT5. OSa%co^Vv:fe^S>^iOAfci -:7^^y- 
3 ooS/c^^''^^#:(D^?g.4:'K^,Lfc 3 o.<^^§g 2 4 5 



2 4r$ijffli Bz:cD3S(75fflffi«:||- oSfiiJ 10 4 SrSaiS 

Ml 8 oi;i^M$nTu^'5o maii8 0fi. ^-<^s- 

TtJ:i\ M;tf^. mi llC;r5UfcJ; Tnoj gjj 

$>10 2H rvACANCYj ?fi5^-^ 

, 1 0 ^m<7)ffiimm^if6ii^«'isf 1 0 7 {;i i o T 
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\ 1 



«r^t-or^^7 jc:f3:^ftll:2 5:0.^^^^^ 0 
v\ .»:l;i«^fls:^?K*r»5fe7'^V^ 1 3 5<^)_hl;iffimc> 

[0 0 5 01 :^mm<Dm(ommmmxn. y-^^^n 

^-^-^^^T^^V ^t-^V^' ^^^^^^ 

[0 0 5 1] ^*f*:^^K^^*7^/M 1T3 -5 ttf+tt/c 

fi--«S:i;i 2 ^(omm 12 0s 13 0 ofi/^ ti o 

T;eai)ib^x5o m9Jc;^U^c,J:5lc. S/^t)|M*K3 0 0 

m8ii2 0. 1 3 oi)m^j:^mmtmm^thho ^ 

S^c^t)®^3 0 Oli. ^^giL^cSfmo^^i: LTT 

S^-Cte^o fi/<Ct)«l«3 0 OTfl. m»;6s^^LTW« 
^Tfe^l 1 O\:i^^ikm^^^o m9\^7r:;^tiX\^^^2: 

6 0. mx.^^^m'xmimm^j:^mm 

3 0 0O±^T*fi7:^<— aiiO;^^^^rrfeJe)'5o 
[0 05 2] m^^n 1 6 0 fia^. m^t<D{\k 

#5„.E16lc^L7c:mMl 8 0 fl. i^i^^^E'L^c^^: 

'5miE^^7fe-T'^ :^:/u^ l 0 0 h 

[0 0 5 3] Ell \\-7r.\^fz.:lfi^m(0%\\(0nmmm\z,X 

#SmS*'>/jr< t 2jffl^A/r*V>5o 01 1T% 



i^^^jil7 0fi. ^(OfiS^gS^ii 1 7 0^^3t^ 
>^<>t' >^ 1 3 5 RtJ^^mn 16 0 ^ -fr -5 (?) 

1 6 0;6Ste^<^%5fc#:^^g,/^^jg^^ #<OSI«^^flc 

[005 5] JEJL±M^ i.rcmmmm^^^tnt^^m<o 
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[04] ::^^m<Dm<ommj^m:iX^wm^ytm<Dmm 
mxh^o - , 

[0 5 ] ;*:^P>^tosytD^M?^%^J: 

[0 6] :^^m(D-mmmm\^x^m^y'^^ ^^yiy^ (D 



[07] *%P>g«p-|IJ6Jg«S(z:«eo-C»3fe7=^y<>f 

s/[09O --*^P^O-II^S?i^ffi{:i<t'5^7fe^,^.^.7'i^'^(^ 
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50 1 0 0 ^^'r^:^y^\^^ • ■ * 
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